Almost all bat species worldwide are, despite pronounced differences in ecology and life history, social. This makes them ideal organisms for studying the diversity and evolution of sociality. However, almost all work has focused on maternity colonies and most studies have been done on temperate species. Although simple densitydependent factors such as thermoregulatory benefits to the offspring or limited availability of roost sites have been refuted as the main driving forces behind sociality, it remains often impossible to disentangle factors associated with breeding from other potential actors on social organization. The study of multimale associations, a hitherto neglected social organization in bats, could provide a solution to this dilemma. Using data from male colonies of particolored bats (Vespertilio murinus, Linnaeus, 1758) in Switzerland I explain how sociality for male particolored bats is likely to be the best of a bad job and that competition over future matings determines when individuals leave the colony. Although multimale associations could potentially yield important insight into the mechanisms shaping social organization, we currently lack information about many aspects of such associations, which we need in order to understand social organization in its full detail.
The majority of the nearly 1,200 extant bat species (Wilson and Reeder 2005) worldwide are social, despite enormous differences in ecology and mating strategies (Bradbury 1977; Kunz and Pierson 1994; McCracken and Wilkinson 2000) . Therefore, they are of great interest for studying the diversity and evolutionary mechanisms shaping social organization in mammals. In most bat species in the temperate zones, females segregate from males in spring and summer and form breeding colonies with rather stable social structure (Bradbury 1977; McCracken and Wilkinson 2000) . The vast majority of studies on social organization and roosting ecology in bats has been done on such maternity colonies of bat species of Europe and North America . Studying social organization almost exclusively in breeding colonies, especially in the temperate zones, has strongly influenced the hypotheses concerning the adaptive values of social living (but see Senior et al. 2005; Veith et al. 2004) . For example, sociality in bats historically has often been explained by benefits of communal breeding directly influencing the survival and growth of the offspring and thereby they represent an indirect benefit for females (Humphrey 1975; McCracken and Wilkinson 2000; Zubaid et al. 2006) .
Recent advances in population genetics and detailed analysis of social behavior in maternity roosts, both in the tropics and in the temperate zones, indicate that bat aggregations are being influenced in their individual composition by more than simple thermoregulation or predator avoidance mechanisms (Burland and Wilmer 2001; McCracken 1987) . Such studies have found throughout almost all species in the temperate zones strong sex-specific philopatry and non-random individual composition at the level of population genetic structuring, which cannot be explained by thermoregulation or other purely densitydependent benefits of social living (Rhinolophus ferrumequinum [Rossiter et al. 2002] , Myotis myotis [Castella et al. 2001; Ruedi and Castella 2003 ], Myotis bechsteinii [Kerth 2006; Kerth et al. 2000 Kerth et al. , 2001a , Nyctalus noctula [Perrin and Mazalov 1999] , and Plecotus auritus Entwistle et al. 2000] ). In addition to the indirect evidence of genetic population structuring, field experiments and observations of females in breeding colonies have shown a wide variety of social behavior such as allogrooming and information transfer, all of which require complex recognition mechanisms, closed social assemblages, or both (Bloss 1999; Bloss et al. 2002; Kerth et al. 2006; Kerth and Reckardt 2003; Kozhurina 1993; Safi and Kerth 2003; Wilkinson 1992) . Bats in breeding colonies have the potential to recognize colony members from other conspecifics, presumably by using acoustic and olfactory cues (Bloss 1999; Kazial et al. 2001; Kazial and Masters 2004; Masters et al. 1995; Siemers and Kerth 2006) , and they can show agonistic behavior toward unfamiliar individuals (Safi and Kerth 2003) . Our understanding of social organization in breeding colonies will ultimately remain biased by confounding factors associated with female reproduction. Unless studies are done on bat assemblages in which breeding does not occur, it will remain difficult or even impossible to disentangle factors benefiting the offspring, such as thermoregulatory benefits for faster growth, from factors benefiting the adults, such as cooperative behavior, the influence of foraging on roosting strategy, or both.
MALE SOCIALITY
We are accumulating knowledge on a host of social organizations and roosting strategies in bats such as singlemale-multifemale, multimale-multifemale, and single-malesingle-female associations. However, one particular form of social organization remains poorly described and investigated, if not almost unmentioned, which is multimale associations, or bachelor groups. During the time when breeding colonies are established in the temperate zones, male groups can be found in some bat species Senior et al. 2005) . The occurrence of such male groups is often considered an exception to the rule. Males are generally considered to be solitary (e.g., , whereas females of almost all temperate bat species are obligate social breeders (reviewed in Altringham and Senior 2005; McCracken and Wilkinson 2000) .
In the animal kingdom, social sexual segregation occurs in species of ungulates, whales, pinnipeds, birds, and insects, and describes a social organization in which both sexes are social but spatially or temporally segregated (Ruckstuhl and Neuhaus 2005) . Social sexual segregation outside the mating season is often believed to be a consequence of sexual size dimorphism (Catry et al. 2005; Gonzalez-Solis et al. 2000; Isaac 2005; Mysterud 2000; Neuhaus and Ruckstuhl 2002; Ruckstuhl and Neuhaus 2002, 2005) . For example, such differences in size result in different vulnerability to predation or in different foraging and habitat preferences of the sexes (Bowyer 2004; Conradt 2005; Isaac 2005; Ruckstuhl 1998; Ruckstuhl and Clutton-Brock 2005; Ruckstuhl and Neuhaus 2000 . Although size dimorphism is a key element in explaining social sexual segregation, the current hypotheses also could be expanded and applied to size-monomorphic species (Ruckstuhl and Kokko 2002) . Indeed, some species display social sexual segregation despite the lack of strong sexual size dimorphism, such as some bat species Senior et al. 2005 ). Parental investment not only influences mating strategies, dispersal tendencies, sexspecific energetic requirements, and other important aspects of a species' life history, but also has consequences for their social organization (Côté and Gross 1993; Kruuk et al. 1999; Trivers 1972; Westerdahl et al. 2000) . Sex-specific differences in investment in offspring may not only influence social structure, but also result in behavioral asynchrony, differential vulnerability to predation, and different nutritional requirements, and ultimately lead to sexual segregation (Blanckenhorn 2005; Reed and Shine 2002; Sommer 2000) .
In bats, males generally do not contribute to parental care, and they are thought to avoid costs of social living such as increased disease transmission rates and reduced use of torpor by adopting solitary living . However, more reports on male groups are being published (Table 1) , and it is becoming clear that the occurrence of male aggregations is a stable attribute in some species and that social sexual segregation is a common attribute of many bat species . found reports on male groups for 10 of 45 species from Europe and North America. For 19 species, publications explicitly stated that males were solitary (or generally found solitary) and for 16 species there were no explicit reports on male social organization during the time of parturition and lactation. 
The search yielded 365 single publications from more than 800 results, among which 12 publications reported male aggregations (2 from the tropics and 10 from the temperate region). In addition to the Web-based search, I specifically searched other forms of publications such as books and other published species accounts for temperate species of Europe and North America in search of reports on male social systems. Although almost one-fourth of all species (one-third of species with known social organization) had published reports on pure male aggregations, none of the publications made any suggestions about the adaptive value of such aggregations ( Table 1) . The phenomenon of male aggregation is not confined to temperate-zone bats (e.g., Lophostoma silvicolum- Dechmann et al. 2005 ), but information on pure male aggregations is even scarcer for the tropical regions. The study of on correlates of male sociality in temperate-zone bats revealed that specialization on ephemerally occurring insect prey is a good predictor for the occurrence of male aggregations. Information transfer or eavesdropping on echolocation calls was thus proposed to play an important role in the evolution of male aggregations, supported additionally by the finding that males tend to form groups in those species, which are adapted for flight in open space .
Male aggregations could represent a unique opportunity to study mechanisms involved in the evolution of sociality without confounding factors such as mating or reproduction in terms of breeding. Although male groups are often small, and therefore difficult to find, for a few species, the occurrence of large male groups is well known and comparably long documented, although still poorly investigated (Encarnação et al. 2004 (Encarnação et al. , 2005 Safi 2006; ). In the following sections, I give an overview of what previous studies found on male aggregations in particolored bats (Vespertilio murinus) and try to elucidate potential proximate and ultimate mechanisms shaping the stability of social assemblages in male groups of the particolored bat, which can reach several hundred males sharing a set of roosts together (Safi 2006; ).
BOYS' CLUB
Multimale associations have been most extensively studied in the temperate zones in Daubenton's bats (Myotis daubentoniiEncarnação and Encarnação et al. 2004 Encarnação et al. , 2005 2006b) and in particolored bats (V. murinus-Safi 2006; ). The ecology of these 2 species is to some extent congruent. Both species rely on aquatic habitats and largely feed on small ephemeral insects that have an aquatic embryonic stage (Niethammer and Krapp 2001) . However, Daubenton's bats are water-surface foragers, which scoop insects from the water surface directly (Bogdanowicz 1994; Flavin et al. 2001; Sullivan et al. 1993; Vaughan 1997) , whereas particolored bats forage at heights of 20-30 m or more above ground level (Baagøe 2001; Burger 1999; Jaberg et al. 1998; Rydell 1992; Rydell and Baagøe 1994 ). Daubenton's bats roost in tree cavities and also in man-made structures such as cavities in bridges and buildings, and bird boxes (Boonman 2000; Kasprzyk and Ruczyński 2001; Rieger 1996) . Particolored bats usually roost in crevices and are most commonly found in roofs, well hidden beneath the tiles (Baagøe 2001; Jaberg and Blant 2003; Safi 2006) . Another species with multimale associations is the common noctule (N. noctula-Gebhard and Bogdanowicz 2004), with reported male aggregations of up to several hundred individuals; it also relies to a large extent on the same type of diet and foraging habitats as Daubenton's and particolored bats (Jones 1995; Mackenzie and Oxford 1995; Rydell and Petersons 1998; Vaughan 1997) . Males of the common noctule bat usually roost in tree cavities and bat boxes but remain poorly investigated to date.
Sociality bears different kinds of costs, some of which apply to all forms of social assemblages and some particularly to male associations. Increased intraspecific competition, increased transmission rates of infectious diseases, and lowered use of torpor and thus increased energy expenditure are costs common to both male and female associations (Alcock 1998; Côté and Poulin 1995; Giorgi et al. 2001; Møller et al. 1993) , whereas increased competition for access to mating partners might be a cost of social living that is particularly high for social males (Dunn et al. 2001; Pitcher et al. 2005) . Male competition for access to females increases if males are spatially highly clumped (Hosken 1997 (Hosken , 1998 . Perhaps this is why male aggregations in particolored bats show a tendency to be of short duration and disappear when adult females abandon their breeding colonies (Baagøe 2001; Liegl 2004) . Both males and females left the colonies in particolored bats within the first 2 weeks of July in the Swiss populations studied (Safi 2006) . One hypothesis is that in particolored bats the benefits of social living cannot counterbalance the long-term costs for the males if they remained social during late summer and autumn, when matings are taking place.
WHEN THEY LEAVE, IT's ABOUT SEX
Whether the stability of male aggregations is influenced by the opportunity for potential matings could be deduced from the cyclic development of reproductive tissue in males, which is often not fully synchronous among all males in a colony. Males of many bat species show cyclicity in the development of the reproductive tissue whereby reproductive organs are reduced during nonmating periods and built up before the mating period (Krutzsch 2000) . Visually, the filling of the epididymides in which sperm are stored can be used to determine the progress in the development of the reproductive tract of males (Krutzsch 2000) . In particolored bats, the epididymides of males become more and more filled during the summer (divided into 5 classes between 0 and 2 representing increasing levels of filling; Fig. 1 ), whereas the body mass of male bats in the colonies also increases ( Fig. 2; for methods, see ).
However, the changes in body mass and the increasing investment in reproductive tissue are not independent processes. Statistical models (generalized linear mixed models, measurements on 106 males from 2 Swiss colonies from 2003 and 2004) suggest that body condition (least-squares residuals of log forearm length against log body mass) is significantly higher in more advanced reproductive states in particolored bats independent of the date of weighing, the colony, and in the case of multiple measurements per individual, the identity of the individuals (generalized linear mixed model type 3 test of fixed effects: status F ¼ 6.43, d.f. ¼ 4, 100, P , 0.0001). In other words, individuals with higher body mass relative to body size fall into higher categories of epididymal filling, independent of how far the season has progressed or the colony to which they belonged.
Finally, the length of time that males stay in the colony, determined by automated transponder readers continuously surveying the entrances of the male roosts ), correlates with their body condition (defined as the leastsquares residuals of log forearm length against log body mass). A generalized linear model with body condition as the dependent factor correcting for the effect of the day of measurement on body condition and the duration of the animals' stay in the colony explains 25% of the total variance ( Table 2) . The model reveals a significant negative correlation between the length of the stay in the colony and body condition.
Based on the evidence presented above, male particolored bats with higher body mass relative to body size will progress in reproductive development faster than males with low body mass relative to their body size and also will leave the colony earlier, presumably to establish solitary mating roosts. In contrast to Daubenton's bats, no single-male roosts of particolored bats are known in the vicinity of female roosts and therefore no body mass and body condition comparisons have been made to date. Given the roosts used by particolored bats and the height at which they forage, it is almost impossible to find single males in their roosts. It would be interesting to see whether differences in body mass (and body condition) are also found in Daubenton's bats if solitary and social males were compared Senior et al. 2005) .
Body mass differences found in Daubenton's bats are used as a measure of quality of the habitats in which social and solitary males reside . In particolored bats as well as in Daubenton's bats, male colonies are often spatially separated from female roosts (Safi 2006; Senior et al. 2005) . The hypothesis used to explain the sexual segregation in habitat use in Daubenton's bats assumes that males segregate into habitats of lower quality Senior et al. 2005 ) and the evidence from the differences in homerange size between the sexes of particolored bats could be interpreted in a similar way ). Females face a great energetic expenditure during pregnancy and lactation, whereas males can afford to forage in suboptimal habitats and thereby avoid competition with females . The poorer habitat is thought to result in a lower average body mass of social male Daubenton's bats compared to the solitary males residing in the female areas .
The correlation between body mass and the duration of presence in the colonies found in male particolored bats, which also is reflected by the reproductive status of the males, could be interpreted as a benefit of quick body mass increase by males in order to outcompete their colony mates in the development of their reproductive organs. Social living in male bats could therefore be characterized as a trade-off in which males will stay in the colony as long as the impact on mating competition can be minimized and thus explain the offset of social living in male bats. However, more-detailed studies will be required to obtain a better view of the causality relationship between body mass (body condition), duration of presence in colonies, and seasonal sexual maturation.
SO WHY LIVE TOGETHER AT ALL?
Specialization on rare resources, such as rare suitable roost types, could lead to sociality (Bradbury 1977) . Although information transfer has been proposed to shape the social system in male bats, alternative potentially more-parsimonious hypotheses such as roost availability and predation risk remain untested . One example of rare resources is caves with optimal microclimatic conditions, which are assumed to be rare and therefore attract several million bats (Lewis 1995) . However, the fact that males leave the colony as soon as they can and that in species with social males the aggregations are established only during a short period of the year already suggests that resource limitation is an unlikely explanation. In addition, among the 10 species in the temperate zones reported to have male groups we find species specialized to roost in all known temperate roost types such as tree bark (Barbastella barbastellus), buildings (Eptesicus fuscus, Myotis lucifugus, and Vespertilio murinus), tree cavities (M. daubentonii, Nyctalus leisleri, and N. noctula), and caves (Myotis capaccinii, Myotis grisescens, and Tadarida brasiliensis). If roost limitation would promote the evolution of sociality in male bats, we would not expect such a diversity in roost use, reflecting the full range of roost types used in the temperate zones (Lewis 1995) . However, in cases where males and females may in general choose the same types of roosts, but segregate socially, differences in microclimatic preferences may be responsible for the segregation or even might limit roost availability. The diversity of roost types also is evidence against social thermoregulation as a likely explanation for male assemblages, because the roost types have very different microclimatic properties (Lausen and Barclay 2006; Law and Chidel 2007; Ruczyński 2006) . In addition, if sociality was a consequence of adverse microclimatic conditions, social thermoregulation should represent a benefit that does not require males to be social only with the same sex, because the benefit of social thermoregulation increases with the number of animals present in the roost irrespective of their sex. Ultimately, however, although roost characteristics are unlikely to explain the occurrence of male sociality in bats, sex-specific roost choice and especially roost availability remain poorly investigated to date and need thorough and standardized quantification both in terms of microclimatic condition and availability (Encarnação et al. 2005; Kerth et al. 2001b) .
Finally, predation risk, similar to thermoregulatory benefits, might explain why individuals are social but cannot account for segregation. However, the processes behind segregation need not necessarily be the same as those promoting social living per se. In bats, unfortunately, there has been almost no reliable direct quantification of predation pressure or predation risk. Most authors have used median emergence time as a proxy of predation risk, by arguing that early emerging species are more likely to suffer from higher predation by raptors and owls (Duverge et al. 2000; Jones and Rydell 1994; Rydell et al. 1996; Welbergen 2006) . However, this assumption lacks support, and emergence time has been recognized to be influenced mainly by insect availability (Jones and Rydell 1994; Rydell et al. 1996) . In addition, evidence from lunar phobia studies is far from supportive of a relationship between light level and predation risk, because very often no lunar phobia could be detected (Karlsson et al. 2002; Lang et al. 2006; Negraeff and Brigham 1995) . A study in Sweden during continuous midsummer daylight suggested instead that the activity pattern of bats was better described by competition with insectivorous birds than predator avoidance . There is a statistical tendency for earlier emergence time in species with social males, compared to those with solitary males (specieslevel analysis, Wilcoxon exact test; n ¼ 17, S ¼ 46, d.f. ¼ 1, P ¼ 0.1; data on emergence time taken from Jones and Rydell [1994] ). However, it remains unclear how conclusive such a test is, because species in which males are found to be social specialize on ephemeral insects and are thus characterized by a similar diet and ultimately a similar emergence time. Another proxy for predation risk would be life span, for which the data are very fragmentary and often questionable for bats. However, maximum life span is not different between species with social males and those with solitary males (species-level analysis, Wilcoxon exact test; n ¼ 22, Barclay et al. [2004] , Brunet-Rossinni and Austad [2004] , Ibáñez and Pèrez-Jordá [1998] , Paradiso and Greenhal [1967] , and Wilkinson and South 2002) . Unless predation rates and predation risk are quantified reliably across a set of different species, it will remain very difficult to assess the true importance of this factor on the evolution of sociality, for both male and female aggregations.
Although there is little support that resource availability and predation risk have influenced the evolution of male sociality, the results are far from conclusive. Disentangling the benefits of group living due to lowered predation risk versus other mechanisms such as increased information availability about ephemeral insect swarms during foraging and other potential mechanisms favoring social living will require further investigations and yield potentially interesting results about the mechanisms behind the evolution of social organizations. Population genetics methods and direct observation of social behavior as well as more and detailed information on lifehistory traits could provide valuable insight into the underlying mechanisms of sociality.
CONCLUSIONS
Studying male aggregations represents a new and rewarding avenue for the understanding of the evolution of sociality. Currently there is very little reliable information on the extent and generality of multimale aggregations from regions other than the temperate zones. Even in the best-studied regions of Europe and North America reports on male aggregations are, at best, scarce and sketchy. Male aggregations represent a unique opportunity to assess factors and test hypotheses without the influence of breeding on sociality. At present, studies on male associations are uncommon, but the results so far are revealing new information, and scientific interest in these associations is increasing. Information from all around the world, especially the tropical regions, will further increase complexity in potential mechanisms and challenge both the methodological and intellectual approaches, but will ultimately yield a more complete view of the evolution of sociality. Studies of social interactions such as, for example, facial contacts between males in chocolate wattled bats (Chalinolobus morio-B. Thompson, pers. comm.) are completely lacking in male associations. Finally, because population genetics studies have shed light on many aspects of social living in female aggregations they represent an important methodological approach and should be applied also to male aggregations more widely . Ultimately it remains indispensable to include multimale associations in the studies of social behavior of bats for a better understanding of the underlying mechanisms.
RESUMEN
A pesar de sus pronunciadas diferencias ecológicas y de historia de vida, casi todas las especies de murciélagos alrededor del mundo son sociales. Esto los hace organismos ideales, si se quiere estudiar la diversidad y evolución de la sociabilidad. Sin embargo, casi todo el trabajo realizado se ha enfocado a las colonias de maternidad y la mayoría de los estudios se han realizado con especies de zonas templadas. Aunque factores simples denso-dependientes como por ejemplo los beneficios de la termorregulación sobre las crías, o el área disponible en el sitio de percha, han sido refutadas como las principales fuerzas que actúan sobre la sociabilidad; a menudo sigue siendo imposible desenmarañar los factores asociados a la reproducción de otros factores potenciales de la organización social. El estudio de asociaciones multi-macho, punto descuidado hasta ahora en el estudio de la organización social en los murciélagos, podría ofrecer una solución a este dilema. Utilizando datos de colonias de machos de los murciélagos bicolor (Vespertilio murinus, Linnaeus, 1758) en Suiza, explico cómo la sociabilidad en los murciélagos bicolor machos es probable que sea lo mejor de un mal trabajo y que la competencia sobre los futuros apareamientos determina cuándo los individuos dejan la colonia. A pesar de que las asociaciones multi-macho podrían proporcionar información importante sobre los mecanismos de la estructuración de la organización social, actualmente carecemos de la información sobre muchos aspectos de dichas asociaciones, necesarios para entender la organización social a detalle.
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